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Abstract 
Centrifugal pump’s state monitoring and analysis system is a comprehensive system built upon centrifugal pump’s 
performance parameter and historical background. Real-time monitoring and analysis on the running state of marine 
centrifugal pump can be achieved by the system. Taking virtual instrument technology as development platform, the 
hardware design of monitoring and analysis system is implemented with the help of computer-aided test technology. 
LabVIEW programming software from American NI Corporation is used to make the monitoring software proportion 
in this system. A lot of testing experiments have been conducted. It is proved that the system can acquire the 
performance parameters, analyze these data, draw the conclusion, and help engineer manage the pumps. 
© 2011 Published by Elsevier Ltd. 
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1. Forward
With the rapid development of the modern technology, marine equipment increasingly develops
towards complication, precision and automation. The centrifugal pump is one of the most important 
equipment influencing normal sailing. Various kinds of centrifugal pumps are widely employed, such as 
fire fighting pump, hot water circulating pump, sanitary water pump and so on. Therefore, displaying the 
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running status and running parameters through the monitoring system can help marine engineer manage 
and control the centrifugal pump.  
The virtual instrument development software LabVIEW (laboratory virtual instrument engineering) is 
applied to write main program of status monitoring and system analysis. The performance signals can be 
acquired by data acquisition kit DAQ, signal processing kit and so on, and can be analyzed and processed 
through utilizing signal analyzing method. TCP/IP, Data Socket and other technologies can be used to 
write long-distance transfer server procedure and client program, transfer acquired data to network, and 
realize data interchange and sharing function. 
2.  Brief Introduction of Virtual Instrument 
Virtual Instrument can combine computer and functionalization modules via software, can be 
controlled through graphical interfaces showing on computer display by user, and can accomplish data 
acquisition, data analysis and other operation of objects monitored. From the internal function, virtual 
instruments consist of three parts: data acquisition and control, data analysis and processing, and results 
display. [1] The constitute diagram of virtual instrument is illustrated in figure 1. 
Fig.1. Division of Virtual Instrument’s Internal Function 
LabVIEW is the abbreviation of Laboratory Virtual instrument engineering, is innovational software 
of NI Corporation of USA, and is the most widely used, fastest growing and most powerful imaging 
software development integration environment. When this language is applied to write program, program 
code is merely wrote and flow diagram is widely used. 
3.  Data Acquisition and Signal Analysis 
3.1.  The selection of Data Acquisition Card 
PCI Card and ISA Card are widely applied in the past, and have many defects. The universal serial bus 
USB is a new communication standard to solve the traditional problem of bus shortage. This bus socket 
has the virtues of easy dismantling, high bandwidth and easy expanding, and effectively solves the 
traditional problem of data acquisition card shortage. [2] 
According to actual requirement, multifunctional I/O card PCI-6289 from NI Corporation is employed. 
Its main parameters are as follows: 18-bit precision, 32-line analog input, 625k/s ( sampling rate), 32-line 
1079Bo Ning et al. / Procedia Engineering 15 (2011) 1077 – 1081 Bo Ning,, Xiang-xin Cheng, Shuo Wu / Procedia Engineering 00 (2011) 000–000 3
analog input channel, 18-bit precision distinguish ability, 625k/s( single channel sampling rate), 
500k/s( multichannel sampling rate ), 4-line 16-bit analog output (2.8MS/s), etc. 
3.2. Software implementation of signal analysis  
Signal analysis and processing is the base of research. On the basis of various kinds of data analytical 
methods, the signals can be transferred into data analysis sub VI, and can be called directly in system 
development of data acquisition and signal processing. Then, the function of data acquisition and data 
analysis can be modularized. [3] 
The procedure of signal analysis is illustrated in figure 2. 
Fig. 2 Flow Chart of Signal Analysis 
In the process of programming, the signal analyzing method such as frequency-domain analysis, 
amplitude-domain analysis, time-domain analysis and others are integrated into one procedure; the 
conditional for-loop structure and While for-loop structure are employed to complete the integration of 
the procedure; the auto-power spectrum function, cross-power spectrum function, auto-correlation 
function, cross-correlation function and other functions used to analyze the acquired data. 
The front panel of signal analysis is illustrated in figure 3. 
Fig. 3 Front Panel of Signal Analysis 
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4. The system design of state monitoring and analysis of the centrifugal pump 
4.1. The hardware design 
The total head is an important performance parameter of centrifugal pump. On the basis of the head 
calculation formula of the centrifugal pump, the head can be obtained through applying the formula after 
measuring the inlet and outlet pressure. Therefore, the head measurement is virtually the pressure 
measuring of the inlet and outlet. According to the requirements of head measurement, referring to related 
standards and rules, the 1030 Series ceramic pressure sensor produced by Shenzhen antai measure and 
control instrument Co., Ltd is employed. The related sensor parameters are as follows: static accuracy: ±
0.3%, operating temperature: －40℃--＋135℃, pressure range: 0.2MPa--1.6MPa--40MPa, operating 
voltage: DC2V--DC30V. 
In the system of centrifugal pump state monitoring and analysis, the flow rate is an important physical 
parameter. In view of the advantages of turbine flowmeter in measurement such as high accuracy, good 
repeatability, simple structure, few moving parts, high pressure resistant, wide measuring range, small 
size, light weight, little pressure loss, convenient maintenance, etc., it is employed as the flow rate sensor 
of the centrifugal pump in this measuring system. Referring to related criterion and provision, the type 
LWGY-50A turbine flow sensor coming from Shanghai automatic instrument Co. Ltd., ninth branch is 
selected. The related parameters are as follows: nominal pressure: 2.5MPa, rate range: 6m3/h—40m3/h, 
accuracy class: 0.5, power source: DC12V, output signal: pulse signal. 
As long as the torque and revolution speed of the centrifugal pump are measured, the shaft power can 
be obtained by formula. For this reason, the measurement of the shaft power is actually the measurement 
of the torque and the revolution speed. According to the measurement requirements of the shaft power 
and the revolution speed, referring to relative standard and provision, the JC1A torque-speed transducer 
produced by Xiangyi Power Testing Instrument Co., Ltd is selected. The performance parameters of the 
torque-speed transducer are as follows: rated torque: 100N·m, speed range: 0-6000r/min, accuracy class: 
0.1. 
4.2. The software design 
For the performance test of the centrifugal pump, according to the provision of the Chinese standard, 
the test starts with zero delivery and ends with exceeding 15 percent points of the maximum discharge. In 
the processing of test, fifteen flow points distributing evenly on the performance curve are taken. The 
performance parameters of the centrifugal pump can be acquired from these flow points. After the 
acquisition of the parameters, the data will be analyzed and processed and then the changeful curves 
followed head, power and efficiency are drawn. 
The system of state monitoring and analysis of the centrifugal pump employs LabVIEW as the 
development platform. The test items and test content can be selected through user-friendly interfaces. In 
the processing of testing, the system monitors the full operating state of the centrifugal pump on the basis 
of received instructions, and can select the time-domain analysis, amplitude-domain analysis, frequency-
domain analysis of the signal, and meanwhile can acquire data and real-time display the corresponding 
parameters and curves. 
The operating panel and program of the system are illustrated in figure 4. 
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Fig. 4 Chart of System’s Collection Capacity Panel 
5. Conclusion 
On the basis of the hardware selection and software design of state monitoring and system analysis of 
the marine centrifugal pump, the corresponding measuring tests are proceeding and the performance 
parameters under working condition of the centrifugal pump are acquired. Centering on virtual instrument 
technology, the hardware design of state monitoring and system analysis are achieved by employing 
computer-aided test technology. Extensive testing is proceeding by applying LabVIEW produced by NI 
Corporation of USA to program the software parts of the state monitoring and analysis system. The 
testing results prove that this system can realize the operating performance monitoring of the centrifugal 
pump and can transit performance data through network. 
References 
[1] S.Mallat.A wavelet tour to signal processing.Academic Press：Boston，1998. 
[2] National Instruments Corporation.LabVIEW User Manual，March 2004. 
[3] LabVIEW User Manual.USA：National Instruments Corporation
